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I. l tttroduetion 
It has been suggested that glucose st imulates insu- 
Ih release through its metabo l i sm in the pancreat ic  
~-¢ells. This hypothes is  has part ly  been based on the 
observation o f  striking correlat ions between insulin 
release and glucose ox idat ion in islets incubated for 
I hr or longer [ 1 ] .  Studies on various types o f  per- 
fused or superfused p~_ncreas preparat ions have re- 
veaMd that the insulin secretory  response is multi-  
phasic with t ime [2--41 . This makes it o f  interest to 
measure the ox idat ion o f  glucose over  per iods shorter  
thzn 60 rain to est imate whether  both  the htitial and 
the late phases o f  insulin release are related to glucose 
metatmlism. Such measurements  are dif f icult  to l~e,- 
form because o f  the small size o f  islets in relat ion to  
the sensitivity o f  the analyt ical  methods  available. In 
this p,aper a technique is deseril~ed which makes pos- 
sible incubation t imes shorter  than I 0 ntin. It  will be 
"shown that the 7-carbon sugar mannoheptu lose  does 
not significant!.y a f fect  glucose ox /dat ion  dur[ng the 
first ! S rain o f  incubat ion,  a l though it is known to 
inhibit insulin release a lmost  immediate ly  15--61. 
2. Materials mad methods  
[U-14C]D-glucose, sod ium [14Clb icarbonate  and 
[I-I4C] L-glucose were obta ined  f rom the Radioehem- 
i~I Centre, Amershgm,  England. All o ther  chemicals 
were commercia l ly  available reagents o f  analyt ical  
grade. Distilled and deionized water  was used through- 
out. 
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Fig. I. The incubation cquip,nent consisted era small #ass 
vessel with a totai volume ofabout 4 cm 3. The vessel was 
scaled with a rubber stopper through which two needles 
were run and fitted to syringes, one I~A) containing 100 tal 
0.1 N IlCl and the other (B} containing 100 tzl Hyamine. 
Twelve circular pieces, of filter-paper (C) were put on the 
A-needle. At the end of line incubation the titter-paper Lvas 
soak~.w.l with |lyamine and the ~'~CO2 produced by the 
infulyated islets (D) w~s absorbed. 
Obese-hyper#ycemic  mice (gene symbol  ob/ob)  
f rom the Umea colony [7] were used as the source 
o f  pancreatic islets. For each exper iment  about  25 
islets were microdissected freehand [8] in Krebs -  
Ringer bicarbonate buffer  (KRB)  equi l ibrated with 
0 2 and CO 2 (95:5)  and supplemented with 3 mM 
glucose. After  dissection the islets were pre incubated 
for 30 ruin at 37 ° in the same type o f  med ium as that 
used during dissection. 
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KRB media ( 100/~1) supplemented with 10 mM 
[U-14C] D-glucose ( 1 .7-2 .4  mCi/mnLole) and with or 
without mannoheptulose were pre-warmed in small 
incubation vessels (see fig. I ) to 37 ° during cont inuous 
gassing. P~'ior :o incubation two needles we;e run 
thxou.gh each stopper and fitted to syringes containing 
100/~[ O.t N HCI and 100/~1 Hyamine, respectively. 
it was checked in control  experiments that there was 
l~o gas leakage out o f  the vessels. After the pre-incu- 
bation 3--6 islets were transferred to each incubation 
vessel and the rubbec stoppers were inserted. AO.~r 
various perio;Js of  incubation the islet metabol ism was 
arrested arid 14CO2 was liberated by injection o f  HCi 
into the incubation medium, ltyamine was then in- 
jected onto a small wad o f  pieces of  fi lter-paper (see 
fig. 1) and 14CO2 trapped into the Hyamine by shak- 
ing the vessels ( 140 strokes per rain ; 3.5 cm amplitude) 
for 120 rain at room temp. Blanks were obtained by 
incubating media without islets. The pieces o f  filter- 
paper were removed from the needles and transferred 
to liquid scintillation vials. Alter the addition of  10 ml 
scintillation fluid (5 g of" 2,5-diphenyioxazole and 
50 mg o f  ! .4-bls-2-15-pheny l-oxazolyl] -benzene in 
! q o f  .'.olueneL radioactivity counting was performed 
i~ a l i  tuid scintillation spectrometer (Packard Model 
3375L The observed cpm values we;e corrected for 
blanks and then translated to mmoles o f  glucose 
equivalents oxidized by comparison with external stan- 
dards. These consisted o f  5 .ul incubation medium dis- 
solved in I00/~l Hyamine. After incubation the islets 
were transt'erred to aluminium foil, freeze-dric.l 
( 40°;0.001 mm Hg) overnigttt and weighed on a 
quartz fibre balance [91- 
To check the recovery o f  i4CO 2. vessels were in- 
cubated for 30 min with lOOvl KRB supplemented 
with 0.4/aCt of  sodium [14C] bicarbonate. The re- 
covery was 9 ! -+ 2% (n = 7). Diffusion o f  glucose into 
the islet extraceUular space was analysed with 14C-la- 
belled L-gJucose according to a previously described 
method [ '01 .  The statistical probabil ity that the et- 
l'ecl of  mannoheptulose was due to chance was esti- 
mated from the mean difference between test and 
control incubations in a series o f  identical but sepa- 
rate experiments. The expression "experiment" refers 
to a set of  incubations from a single animal. Within 
each experiment the factors under study were tested 
mostly in duplicate or triplicate incubations. 
Table 1 
Production of t4CO2 in islets inculxzted with t4C-labclled 
~iUC4~e. 
lncuba- tag islet dry 
fion time Total cpm Blank ¢pm weight per 
(ram) per vessel Fer vessel vessel 
7 510± 34 334± 15 44.1 ~4.0 
( i t )  ( t2 )  ( t i t  
15 620-+ 51 342 * 28 28.4 -~ 2,7 
( I t )  (12) ( l l )  
30 1036 x 101 317 ± 31 28.2 ± 3.3 
(14) (12) (14) 
The data of the controls from fig. 2 are gi'~er, as radioactivity 
absorbed in Hyamine after incubation r-£islets (total epm), 
radioactivity in tiyamine from mediz incubated without 
islets (blank cpm) and isle: dry ~'~ight per ves~s,I. The numL~e~ 
of incubated vessels i-~ given within ¢Larenthe.~. 
3. Results 
Table 1 summarizes the mean of  the cpm for 
islets and blanks :s  well as the islet dry weight for the 
control  incubatk,ns pre~ented in fig. 2. At short in- 
cubation times the blanks comprise a substantial part 
o f  the tot-,d cpm values_ To  obtain sufficient accuracy, 
two blanks were run ~a all exper iments for each corn- 
posit ion o f  medium, in the 7-rain incubations 6 
islets were used in each vessel whereas longer incuba- 
tions were per formed with 3 islets. The average dry 
wet#it  o f  single islets was about 9 ~g. 
As shown in fig. 2 the oxidat ion o f  i0  mM gtuc~se 
was a linear funct ion of  t ime except  for an initial lay 
Ig'riod during the first few minutes. To  test whether 
this lag could be due to slow diffusion o f  sugar into 
the extracellular space, isolated islets were incubated 
with t4C-labelled L-glucose. This sugar represents an 
ideal extracellular marker [ IO] tot  this purpose, 
since it can be assumed to itave the same diffusion 
constant as D-glucose. Half-maximal uptake was 
reached at about  45 sec but complete quilibratio:~ 
o f  L-glucose did not occur until about  15 rain o f  
incubation_ The lag period o f  glucose oxidat ion c~: zld 
therefore probably be explained by the diffusion ,::f 
glucose into the islet extracellular water. 
Whereas mannoheptulose caused a highly signite- 
cant inhibit ion (P < 0.001)  o f  glucose oxidation id 
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Fig. 2. Islets were incubated for 7. I 5 and 30 rain in a medium 
containing 10 mM l,  C-lalrelh.xl i~lucose. In each experimen! 
parallel incubations were performed with (o) and without 
(o) 5 rnM D-mannoheptulo~e. Rates of t 4CO 2 production 
are expressed a.~ glucose *luivalenrs oxidized per kg of" islet 
dO" weight. Mean values ± S.EM. are Wen in the figure ex- 
cept for the 7-rain values, where the bats representing S.E.M. 
were smaller than the circles representing mean values. The 
number of experiments ~as 6, 5 and 5, respectively_ 
30 rain o f  incubation,  no signiiicant effect was ob- 
tained at t 5 rain, though there was a slight tendency 
towards inhibit ion. During the initial 7 rain o f  inctl- 
batiott man~mheptulose did not affect glucose ox- 
idation at all. The data in fig. 2 further indicate that 
tile islet oxidat ion o f  glucose is completely  blocked 
between I5 and 30 rain o f  incubation with manno- 
hep tuiose. 
4. Discuss ion 
Most studies on the glucose oxidat ion in pancre- 
atic islets have been performed by means o f  incuba- 
tions in small glass wells kept  within an outer  glass 
conlainer, preferably liquid scintil lation vials [I 11. 
Although useful in incubations for ! hr or longer, this 
techz~ique seems ~o lack enough sensitivity and pre- 
cisi0n for short-term experiments.  This is mainly due 
t0 ttte inadequate temperature equi l ibration during the 
first few minutes. In the present procedure this dif- 
ficulty has been circumvented by keeping the small 
incubation vials in direct contact with the water bath. 
Because o f  this, the media can be appropriately pre- 
warmed to an exact temperature during cont inuous 
equil ibration with 02_ and CO 2_ 
Mannoheptulose is a potel~t hlhibitor o f  glucose- 
induced insulin release 16, 12--141, whereas it does 
not inhibit insulin release ill response to lcucine [ 15 ]. 
Maunoheptulose may therelb,e be a fairly specific 
Llocker o f  the/~-cell recognition system [br glucose 
as a stmtulus o f  insulin release |1 !- It has been ob- 
served in long-term experiments that mannoheptulo~,x: 
markedly reduces the oxidation o f  glucose in the pan- 
creatic islets [6~ 16 ! . This is amply demonstrated witlt 
the present experimental set-up. The data also indicate 
that this inhibition o f  glucose oxidation is not maui- 
fiest until 15 min o f  incubation, a l ter  which time 
~ucose oxidation may be totally bloc:ked. In previous 
I-hr experimet~ts 5 mM nlannoheptulose was found to 
reduce the o.,ddation of  i 2 mgl glucose from 36.5 to 
7.4 ntmoles per kg islet dry wei~lt  [61. The latter 
va_tue is atnmst exactly what would be expected for the 
correspc~nding control islets after 15 rain o f  incubat- 
ion if due consideration is paid to the longer lag t~eri 
(~d with the conventional technique [ 17 l- 
Inhibition o f  insulin release starts prompt ly  a tter 
the addition of  malmoheptttlose and is highly sig- 
nificant within the tirst 5 rain o f  incubation [5 •-61. 
In incttbations las[ing tier I hr or hmger there is a 
striking correlation betwceu the apparent rate o f  
oxidation or utilization of  glucose and the rale o f  
insulin release at different glucose cmmentration:; [ 1 ]. 
This has been regarded as support for the view that 
glucose metabolism somehow controls insttlin release. 
The present results do amt contradict hat this is the 
case for the late phase o f  insulin release_ The ob- 
servalion ot-an uninhibited ~,lucose oxidation durin E 
the initial 15 ram, when insulin release is already re- 
tarded, makes it however tempting to assttme that 
a direct recepto~ mechanism exists in the ~-cells ~hat 
is responsibie for at least the early phase ofg lnco.~- 
stimulated insulin release_ 
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